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ABSTRACT: An evaluation of lead-based paint maintenance options was conducted based

on realistic life-cycle cost assessments of the relative durabilities of encapsulants and con-

ventional paint when employed using the same approaches. A record of field experiences of

several military installations with cost and performance of encapsulants versus mainte-

nance painting with standard specification paints was developed.

It was found that, irrespective of initial paint condition, it is generally more cost-effective to

control lead hazards by paint stabilization than by encapsulation on interior and dimension-

ally stable exterior substrates. Only in the case of exterior wood substrates were encapsu-

lants found to be slightly more cost-effective than paint stabilization. However, this small

cost advantage does not account for the potential risk of lead hazard control failure, a risk

that is not yet well quantified for encapsulants since they are still relatively new to the

market. Proper surface preparation is the primary cost driver for both encapsulation and

paint stabilization, so for either technology to perform as intended, the surfaces to which

they are applied must be properly prepared and all substrate damage must be repaired.

DISCLAIMER: The contents of this report are not to be used for advertising, publication, or promotional
purposes. Citation of trade names does not constitute an official endorsement or approval of the use of such
commercial products. All product names and trademarks cited are the property of their respective owners.
The findings of this report are not to be construed as an official Department of the Army position unless so
designated by other authorized documents.

DESTROY THIS REPORT WHEN NO LONGER NEEDED. DO NOT RETURN IT TO THE ORIGINATOR.
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Conversion Factors

U.S. standard units of measure used in this report can be converted to SI* units as

follows:

Multiply By To Obtain

acres 4,046.873 square meters

cubic feet 0.02831685 cubic meters

cubic inches 0.00001638706 cubic meters

degrees (angle) 0.01745329 radians

degrees Fahrenheit (5/9) x (*F - 32) degrees Celsius

degrees Fahrenheit (5/9) x (*F - 32) + 273.15. kelvins

feet 0.3048 meters

gallons (U.S. liquid) 0.003785412 cubic meters

horsepower (550 fl-lb force per second) 745.6999 watts

inches 0.0254 meters

kips per square foot 47.88026 kilopascals

kips per square inch 6.894757 megapascals

miles (U.S. statute) 1.609347 kilometers

pounds (force) 4.448222 newtons

pounds (force) per square inch 0.006894757 megapascals

pounds (mass) 0.4535924 kilograms

square feet 0.09290304 square meters

square miles 2,589,998 square meters

tons (force) 8,896.443 newtons

tons (2,000 pounds, mass) 907.1847 kilograms

yards 0.9144 meters

SI: Systdme International d'UniMs (International System of Measurement).
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1 Introduction

1.1 Background

The Army owns 90,000 family housing units built before 1978 and 800,000 square feet

of non-residential buildings that are likely to contain lead-based paint (LBP). Because

the goal of Army housing policy is to provide safe and healthful environments for build-

ing occupants, lead hazard control is an important issue on Army installations. Two

general lead hazard control strategies used by the Army are interim paint controls and

abatement.

Interim controls are periodic, low-cost procedures intended to reduce lead exposure.

The effectiveness of interim control procedures is periodically evaluated, and the proce-

dures are repeated as necessary. Paint stabilization is one commonly used interim con-

trol method (HUD* 1995, Chapter 11). This form of interim control addresses not only

failed paint film, but also any substrate deterioration that may have caused the paint

failure. Paint stabilization specifically targets failed areas of coating, leaving intact

older coatings of paint in place. The repaired substrate and failed paint areas are re-

coated, and the intact paint may also be topcoated as needed. The U.S. Environmental

Protection Agency (EPA) estimates a four-year service life for interim paint controls

(HUD 1995, Chapter 11).

Abatement is -a lead hazard management strategy that permanently (20-years mini-

mum) eliminates the hazard (HUD Guidelines, Chapter 12). Compared to interim con-

trols, abatement provides a long-term solution to the lead paint hazard. Because

abatement is unlikely to fail, very little monitoring or reevaluation of the lead hazard is

required after the abatement activity. One promising form of abatement is encapsula-

tion, which is defined as the process of making LBP inaccessible by providing a barrier

between the LBP and the environment (HUD 1995, Chapter 13). The encapsulation

. HUD: U.S. Department of Housing and Urban Development.



2 ERDCICERL TR-03-31

process includes repair of any deteriorated substrate and paint as well as the elimina-

tion of the underlying cause of the deterioration. The encapsulant is directly applied to

the repaired surface. Encapsulants are available in the form of liquid coatings or adhe-

sively bonded covering materials. To be a certified encapsulant, the system must be
warranted for a 20 year coating life. (After 20 years maintenance will be required to

reduce lead levels in dust and soil below a prescribed threshold level.) States act as the

certifying agencies.

In order to select appropriate LBP maintenance options based on realistic life-cycle cost

assessments, the Army must have a better understanding of the real-world durability of

encapsulants versus stabilization with conventional paints applied using the same ap-

proaches. Laboratory testing has indicated that some conventional architectural paints

can be expected to perform at least as well, in terms of interior durability, as encapsu-

lants. However, documented user experience with these options for lead-based paint

management is necessary in order to better judge which option works better in practice.

A cost and performance record of field experience with encapsulants at several Army

installations was needed to develop valid comparisons with maintenance painting using

standard specification paints.

1.2 Objective

The objectives of this study are to compare the cost and performance of conventional

paint versus encapsulant coatings for LBP-abatement purposes and to predict their ser-

vice lives and life-cycle costs.

1.3 Approach

Seven Army installations were visited to gather cost and performance data on conven-

tional and encapsulant coatings. Additional data from other installations were collected

through telephone interviews. Coating life in terms of time to repaint was estimated

based on the observed coating performance and installation practices.

Life-cycle costs for interior and exterior conventional and encapsulant coatings were

calculated based on the estimated durability and costs reported by the Army installa-

tions and the coating industry. Initial paint condition, substrate material, and techno-
logical risk were accounted for in the cost analysis.
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1.4 Regulatory Drivers

The primary regulatory driver is Section 1017 of the Residential Lead-Based Paint

Hazard Reduction Act of1992, which is often referred to as Title X ("Title Ten") because

it was enacted as Title X of the Housing and CommunityDevelopmentAct ofl992(Pub-

lic Law 102-550). Title X was implemented in part through the Code of Federal Regu-

lations (CFR) Part 745 (29 Aug 1996), "Lead; Requirements for Lead-Based Paint Ac-

tivities in Target Housing and Child-Occupied Facilities." The U.S. Department of

Housing and Urban Development (HUD)" provided practical guidelines in the HUD

Guidelines for the Evaluation and Control of Lead-Based Paint Hazards in Housing

(Jun 1995). Army Regulation (AR 420-70, Buildings and Structures, Chapter 3, Oct
1997), established the HUD Guidelines as the standard of care for the assessment, man-
agement, and abatement of lead hazards.

Army policy states that interim controls shall be used to control lead hazards in lieu of

abatement. However, when interim controls are ineffective at controlling the lead haz-

ard, the source of the lead hazard must be abated. Abatement will only occur when in-
terim controls are ineffective or when economically justified. Furthermore, policy calls

for abatement of all existing lead-contaminated paint on surfaces to be disturbed by
work when that work constitutes major repairs or whole-house revitalization projects.

Interim controls include maintaining existing lead-coated surfaces using standard
painting practices and conventional materials such that lead hazards are controlled.
Lead hazards are controlled as long as all of the paint layers remain intact. Standard

painting practices acknowledge the presence of lead and work is performed in a lead-

safe manner.

1.5 Mode of Technology Transfer

Technology transfer is being accomplished by: (1) a Technology Transfer Implementa-

tion Plan supervised by the U. S. Army Environmental Center (AEC); (2) dissemination

of Public Works Technical Bulletin (PWTB) 420-70-2, "Installation Lead Hazard Man-

agement"; (3) participation in User Groups and Committees such as the Army Lead and

Asbestos Hazard Management Team, Federal Lead-Based Paint Committee Meetings

at EPA or HUD, and ASTM Committee E06.23 on Lead Hazards Associated with Build-

ings; (4) websites maintained by the Assistant Chief of Staff for Installation Manage-

ment (ACSIM) [http://www.hqda.army.mil/acsimweb/

fd/policy/facengcur.htm], AEC [http://aec. army. mil/usaec/], and the U. S. Army Engi-

neer Research and Development Center, Construction Engineering Research Labora-
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tory (ERDC/CERL) [http:// www.cecer.army.mil], as well as the Hands-on-Skills Train-

ing (HOST) website [http://www.hqda.army.mil/acsimweb/fd/policy/

host/index.htm].
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2 Overview of Encapsulant Technology

2.1 Regulatory Overview

Army policy stipulates that LBP abatement will be performed when economically justi-

fied or when interim controls are deemed ineffective. Forms of abatement addressed in
the HUD Guidelines include component removal, enclosure, paint removal, and encap-
sulation.

Enclosure as defined by HUD is the installation of a rigid, durable barrier that is me-
chanically attached to building components, with all edges and seams sealed with caulk
or other sealant. Enclosures should have a design life of at least 20 years. Component

removal, as the name implies is simply the removal and replacement of lead-coated fix-
tures or surfaces. Paintremovalcan be accomplished either in place or by transporting

contaminated materials offsite. HUD defines encapsulation as a process that makes
lead-based paint inaccessible by providing a barrier between the paint and the envi-
ronment. The barrier is formed using a liquid-applied coating (with or without rein-

forcement materials) or an adhesively bonded covering material. The primary means of

attaching an encapsulant is bonding the product to the contaminated surface, either

through self-adhesion or the application of a compatible adhesive.

At the time the HUD Guidelines were developed there were no approved encapsulants

or standards for them. However, since the Guidelines were published in 1995, ASTM
International has developed two specifications for encapsulants: E1797-00, Standard

Specification for Reinforced Liquid Coating Encapsulation Products for Leaded Paint in
Buildings; and E 1795-00, Standard Specification for Non-Reinforced Liquid Coating

Encapsulation Products for Leaded Paint in Buildings. In addition to the material

specifications, ASTM has developed a user guide: E1796-97, Standard Guide for Selec-

tion and Use ofLiquid Coating Encapsulation Products for Leaded Paint in Buildings.
These standards are commonly included by reference in state regulations and are also
referenced in DoD guide specifications, including Unified Facility Guide Specification
(UFGS) 13281A, Lead Hazard ControlActivities.
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2.2 Process Description

Encapsulation is a form of abatement. Surfaces slated for abatement must first be as-

sessed with respect to the applicability of encapsulants. If the LBP is severely deterio-

rated, then encapsulation is not applicable. In all other cases a test patch should be ap-

plied to assess the compatibility of the encapsulant and the existing coating. The test

patch is also necessary to determine whether the underlying layers of paint can with-
stand the added strain that the encapsulant places on the system. In some cases the

added weight or shrinkage stresses may cause some or all of the underlying paint to

lose adhesion and delaminate.

Once it has been determined that encapsulants can be used successfully, the surface is

cleaned to remove deteriorated paint and chalk. Specific methods such as wet scraping

and sanding are employed to reduce the amount of dust formed such that worker expo-

sures and contamination of the dwelling or environment are minimized. The integrity

of the building envelope must also be assured. If repairs are necessary they should be

conducted at this time.

Liquid encapsulants are applied in one or two coats. The products are typically high-

build elastomeric latex coatings. Each coat has a minimum thickness of 7 mils or

greater. Some products utilize only high-quality acrylic resins. Other products use

other resin emulsions as modifiers or copolymers. Encapsulants have high degrees of
elongation and are very flexible. They may be spray-, brush-, or roller-applied. Larger

areas are typically sprayed and then back-rolled to ensure uniform and complete cover-

age.

The performance and integrity of the installed encapsulant is inspected after 6 months

and then annually thereafter..

2.3 Applicability of the Technology

As previously stated, encapsulation is a form of abatement. Abatement is performed
when economically justified or when interim controls are deemed ineffective. Encapsu-

lants can be used to overcoat both interior and exterior LBP. The encapsulation process

is applicable to all substrate types including plaster, wallboard, concrete, stucco, wood,

and metal. The products may be used on child-occupied facilities including residences,

schools, and daycare facilities. They are also sometimes used to control lead hazards on

non-child occupied facilities such as offices and other commercial-type facilities.
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3 Technology Assessment

3.1 Advantages

A chief advantage of encapsulation is its codification as an approved form of LBP

abatement. Where abatement is indicated, then encapsulation can be considered an

option. As a certified abatement technology, encapsulants are warranted to last a

minimum of 20 years, providing much longer service life than typical interim controls.

Another advantage of encapsulation is its high film build. Two coats of paint, as op-

posed to one coat, have been correlated with longer service life on exterior wood (Wil-

liams 1999). Encapsulants also have low permeability, which gives the coatings good

resistance to moisture intrusion.

Encapsulants are elastomeric latex coatings. They have excellent elongation properties

and are very flexible. This property helps encapsulants maintain adhesion on sub-

strates that are not dimensionally stable, such as exterior wood. Exterior wood siding

and trim expands and contracts as it absorbs and desorbs water. Coatings that do not

expand and contract with the substrate will eventually crack and flake from the sur-

face. The superior flexibility of encapsulants also imparts crack bridging properties

over concrete and masonry surfaces.

Abatement using encapsulants can be lesg disruptive than other forms of abatement. In

some cases residents may not need to be relocated. Additionally, encapsulants are often

less expensive than other abatement options such as paint removal or enclosure.

Worker training requirements for installation of encapsulants are only moderate.

3.2 Limitations

On friction and impact surfaces such as doors, stairs, floors, and windows, the encapsu-

lant may not remain intact, and therefore paint removal or component replacement is

required for these items. Other surfaces that should generally be abated by means
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other than encapsulation include lead-coated hot water radiators and old calcimine
coatings.

Although certified encapsulants are warranted to have a 20-year life, their long-term
performance has not yet been proven in the field because they have not been available
very long. It is reasonable to expect that encapsulants will be durable on interior sur-
faces for 20 years or more if degradation from impact, friction, and substrate moisture
does not occur. However, exterior applications are much more demanding.

Coatings last longer in exterior environments if the substrate is dimensionally stable.
Such is the case with concrete and stucco building surfaces. Wood, on the other hand,
absorbs water and goes through fairly significant dimensional changes. These changes,
coupled with the degradation of the coating itself, usually cause coatings on exterior
wood to begin flaking and peeling in less than 10 years. It is highly unlikely that either
conventional coatings or certified encapsulants on the market today will significantly
extend the maintenance cycle on exterior wood surfaces much beyond the generally ac-
cepted maximum life of 7 to 10 years (Williams 1999).

Encapsulant coatings also have inherent weaknesses. Encapsulants are thick-film elas-
tomeric latex coatings. Elastomerics cannot generally be formulated in dark colors be-
cause their inherent moisture sensitivity is elevated when color concentrates containing
hydrophilic solvents are used to produce dark colors. Even light colors are inherently
sensitive to early moisture exposure. Failures induced by early moisture exposure typi-
cally appear as large water-filled blisters (Figures 1 and 2). These types of failures are
fairly common and are well documented in the literature (Bartlett 2001). They have
been observed in encapsulants that were applied at the Presidio of Monterey (POM).

Another inherent feature of thick film elastomeric latex coatings is their relatively low
water permeability compared with conventional architectural coatings. This property
can be beneficial because the elastomeric coating will reduce water migration to the
substrate, which in turn enhances long-term coating performance. However, this same
property can also be problematic. Lower permeability also means that water can build
up beneath the coating, typically resulting in premature failure of the coating. The
phenomenon occurs when water enters the building envelope because of poor architec-
tural details such as unsealed wall penetrations, unprotected roof parapets, poorly
caulked windows, or lack of a vapor barrier. Once inside a wall, water will attempt to
pass through the coating if the outdoor temperature is lower than the temperature of
the wall. High-build elastomeric coatings pass water vapor at a lower rate than conven-
tional thin film architectural coatings. When the driving force exceeds the ability of the
coating to pass water vapor, liquid water will condense under the coating. If enough


